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This is volume III of a three volume final report on 
"An Instructional Systems Development Model for Videodisc 
Training Delivery Systems with Interactive Capability," 
This volume presents guidelines for employing graphics in a 
videodisc training delivery system. First, general guide- 
lines for employing graphics are presented. Graphics are 
discussed in terms of their use as signs, in terms of 
aesthetics, color, and motion, Two additional sections 
describe dynamic computer graphics and the relation of. 
graphics to learner characteristics. 

The second part of volume III contains specific guide- 
lines for employing graphics in each of the eleven behavior 
categories described in TRADQC pamphlet 3 50-3) (IPISD) , 
Both general and specific guidelines are summarized in job 
aid form for easy reference by instructional designers. 
The paper continues with a discussion or graphics and the 
videodisc, in which some of the graphics implications of 
this new technology are explored, including integration of 
motion sequences and still frames, ability to slow or freeze 
action during demonstration of procedures, and different 
branching strategies, The ability of the intelligent video- 
disc to combine the advantages of the book, television, and 
computer-as- ■ . struction is disci- , 1U: Lon with 

the chan< .h the videodisc requ^ ar conception 

and method of media selection. The final section presents a 
number of research implications of the graphics study. 
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.i.o yideodis, pla, r possible the 

■•grated motion seqi. ill graphics, 

Uu report is to propose ; mv. . aolines for 
which^nnifr ra ^ LyPe f f f graphics under ied "conditions 

of the videodisc? Vari ° US dnStrUCti0n£1 ' WUcaUons 

Several general and specific guidelines for employing graphics 
are presented in the report. The specific guidelines Ire 
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to t ypes of training objectives outlined in the 
££? Pr ° cedures , f ° r Instructional Systems Develop- 
ISD) The special role of graphics in relation to 
c technology is also presented. Because of the 
.tate-of-the-art, many of the guidelines presented 
-pore are necessarily only hypotheses and wil] 
verification in future research studies Seven 1 
research issues are outlined in the reoort Several 



* m oio-Mr.ou-uoi 



ii 



DISTRIBUTION STATEMENT 
of'LJ^f " ClSared f ° r attribution outside the Department 



DISCLAIMER 



Views, opinions, and/or findings contained in this reoort ap, 

defeated % otn'L^cu^sS" 1 ' " decision unlsss s ° 



6 



iii 



GUIDELINES FOR EMPLOYING GRAPHICS IN A VIDEODISC 
TRAINING DELIVERY SYSTEM 



TABLE OF CONTENTS 



DD Form 1473 

Distributing Statement and Disclaimer 



Graphics and the Videodisc 



Refer *;\ /'as 



Page 

i 
ii 



Executive Summary ........... 

General Guidelines .]]..[][ 

Specific Guidelines ^ 

Introduction ...... ^ 



Typua of Visual Displays 7 

Alphanumerics ■ 7 

Graphics ' 7 
Objects or Events . 

General Guidelines for Employing Graphics .10 

Graphics as Signs ...... 10 

Aesthetics • . ■ . 

•»»•■■•■•• p. ■ J_ X 

Color 1 9 

Motion 1 0 

Dynamic Computer Graphics . t 12 

Learner Characteristics _ ^3 

Nummary b * 17 



Specific Guidelines for Employing Graphics t 18 

Rule Learning and Using ......... * 

Classifying 20 

Identifying Symbols m # # 21 

Detecting 23 

Making Decisions 

Recalling Bodies of Knowledge and Using 

Verba) Information # a 

Performing Gross Motor Skills ,.[],[[ 28 

Steering and Guiding—Continuous Movement \ \ \ \ 31 

Recalling Procedures^Positioning Movement ' \ 33 

Voice Communicating t * 36 

Attitude Learning ' 3 8 

Summary \ \ \ \ \ \ \ \ \ \ \ \ \ ' ' ' 40 



3 



42 



Research Implications a* 



48 



9 

ERIC 



7 



iv 



Figure 
Figure 

Figure 

Figure 

Figure 



2 
3 

4 

5 
6 



List of Figures 

Figure 1 Graphics from a computer simulation 
of take-off and landing on an 
aircraft carrier 
Graphic of colored symbols 
Still graphic of simple movement 
indicated by arrows 
Graphics showing organization of 
verbal information 

Graphic showing tabular organization 
of verbal information 
Neutral graphic used to illustrate 
text 

Distracting graphic 
aeries of still graphics showing 
sequence of movements 

A simplified version of some official 
prose concerning the amount of capital 
gams tax payable following the sale 
of an asset 

Flow chart for capital gains tax in 
the algorithmic equivalent of 
Figure 9 

Figure 11 Graphics showing parts of a piece of 
equipment and their relationship to 
each other 



Ems, 



Figure 7 
Figure 8 

Figure 9 



Figure 10 



14 

22 

23 
26 



29 
30 

32 



34 

35 

37 



8 



1 



Summary 

The introduction of the videodisc player will make possible 
trie storage and random access display of graphic material 
ana, to a lesser extent, motion sequences at far less -est 
tnan has previously been possible. Bv Caching a micro- 
computer to the videodisc player, scohi £ > i rated computer 
graphics may also be displayed. Howev fc! - few empiriealiv 
oasea principles or guidelines exist as to when, where, what 
kmc, or how much instructional graphics should be used in 
training applications for this new medium. 

The purpose of this report is to propose some guidelines, 
uased on instructional design theory and published empirical 
Linumgs, for the use of graphics under specified conditions ' 
Because of the limited data available, many of the guidelines 
given are necessarily only hypotheses and require future 
verification. 

To address the question, "Wnaf f -v graphics should be 

used in various conditions?" it irst 'useful to -identify 

and define different types of visu . disolays. The following 
categorization scheme is presented: 

<• - Alphanurnerics 

1. Textual 

2, Tabular 

b . Gi Upi! j , S 

1. Figural 

2. Symbolic 

3. Schematic 

4. Pictorial 

c. Objects or Events 

1. Real Objects or Events 
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Models, Mock-ups, or Simulators 



General and specific guidelines for employing various types of 
graphics u:. .t different conditions are presented in this 
report. Th- general guidelines cut across several conditional ' 
variables while the specific guidelines are directly related 
to the types of training objectives outlined in the Interservice 
Procedures i or Instructional Systems Development, TRADOC 
Pamphlet 350-30. The guidelines presented in the body of 
hhe report are summarized on the following pages. 
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Genera l Guid e lines 
1. 



Graphics are not npcps<;a»-u 

distracting if ^ C |*f ^ may actually be 
cepts , objects or Lents Juh "hich C ° n= 
has n^d considerable previous e^ ! ° arncr 
such conditions t-ho \ p lence - Under 

graphic is voSin ^fded external visual or 

visual i^^^^imill^ 1 

objects, or events 3 £of Shxch he'hL^T^ 
and/or corresponding vx.uif i^^ n ° labelS 

on peSLcel^" U " le d ^-trated .effect 

attitudes ' - n,otlonsl ^Pact, and in changin 9 

l ,ni t qu r e°b u riarL n ?v iC ' w COn,PUt0r »' offer a 
potential 9ely Unkno "" '""in, application 



sell- n tLt°tSv Sy i S!o, l , ;. Which all °^ students to 
priate Tot ttlTlT^ Whi ° h W ° Uid be mos t aPPro= 
mL- L effcctivf th, 3 given .P° int °« time may be 
ent abil°tics%n han . as f students with dif fer- 

ments t0 a 5ma11 number °f alternate Croat- 
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iPSSm^JMMM^Jm^io^ types of t raining objectives 

l ' . Uu! -- \°~ V }-M<> fHH^lnq. The learning of complex 
po^idu^T-ruIisWBi facilitated tLough Se usr 

nnf f tatl ° nS iuch as flow ^rts which graphi- 
cally portray the vrder of the operations of the 
procedure and alternate path, vhich ro be taken 
at cecision points. 

2 " P#;;tfl in g- Pi ctorial graphics should be used as 
? ?f scents w hich have concrete referents. 
I r ;^V r I stages of training, simplified oic- 

' h P ^ Cn Sh ° Uld be Used in orde ^ to isolate 

a.id Highlight critical attributes, Later stages 
of training could employ mors realistic graphics 

i?..?"ff-i? Militate transfer to the real' world 
environment or task - 



ynig svmbols. Considerable drill and prac- 



-ice witn corrective feedback using graphics of 
actual sumbols may be required in order to' ade- 
quately learn how to identify symbols, 

££tocting. The training of detecting behavior 
should involve the presentation of graphics within 
significant blocks of time and space which are 
realistic m terms of both th* object itself and 
the natural noise of the environmental setting 

5. pak^g decisions. Training in decision making 
.nould involve instruction in the use and inter- 
pretation of various numerical relationships reo- 
resented in both tabular displays and figural 
graphics. ~ J 

6. |££imM_MMSs = o^knowl e dge and using verbal in- 
formation. A graphical" repr^iilTtatlon" of the rela- 
tionship between various facts and ideas can pro- 
vide organization and meaning which may facilitate 
the storage and retrieval of verbal information/ 
Pictures or line drawings inserted in textual, 
veroal information often have no effect on perfor- 
mance since they only illustrate concepts which 
coulo nave been readily visualized from the textual 
description .. 

7. Performing gross motor «ihii« T he demonstration 
oi a complex motor skill UTreal time may be too 
fast. However, slow motion could demonstrate the 
continuity of the movement while permitting critical 
aspects to be perceived, A videotape of a trainee's 
motor skill performance may be a very valuable feed- 
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10. 



Ste ering and guiding-continuous mov ement. Graphics 
use ° t0 pcsont the relevant cues f or steering and ~ 
guiding behavior should have a high relationship to 
real world noise and time conditions in the later 
stages of training. 

Recalling procedures, positioning movem ent If the 
procedure to be learned involves the assembly or 
disassembly of a piece of equipment with many porta 
then graphics would be necessary to show the various 
parts or the equipment and their relationship to 
each other, 1 

Voice communicatincT. in general, graphics would 
not be necessary in the training of voice commuu- 
cauing benavior. 

Attitude learning . Human modeling seems to be the 
most applicable, and probably Lhe most effective 
approach for attitude learning, Attitude .learning 
involves the imitation of a credible and respecced 
numan model's choices of action. A human model may 

in Sf e f " scvoral wa ^ : appearing in person, 

1,1 Pictures, m movies or TV, or merely described 
as m a novel, history text, or biography. 
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Graphics an d the Vidpodi«r 

The introduction of the new videodisc technology wUl make 

heretnfnr Se H eral ^ ploying graphics' that 

J °* % e , hav J.*°t been possible. One such strategy 
described in this report involves the use of the videodisc 

StanIa?d S ^ te SkU1S ^ AnV ° 1Ve continuous Lve'ent 
of ten iLfr V- 1 P 'r tUr ° and television presentations are 
foi l I" 0 i V ° because «/• time motion is too fast 

is IS f e \ SSe critical upsets of the movement and it 
videodisc whf Um ? erS ° in f L °, r,t0p and re P eat a sequence. The 
£ abfi t„ iji- e ;^i nate fc ^se problems since a trainee will 
a 4n«L fr 3 i ? 6 SPSed ° f thS m0ti ° n se ^nce, stop on 

! 5 me 3 l0 ° k dt the " froz en motion" for as long 
as desired, step through a series of frames one at a timS 
reverse the -play and repeat the sequence (at any speed) stop 
a sequence to practice the movement, and then repeat the ? 
motion sequence for comparison with his own performance. 

witVan^rt^ ° f 3 POWe ' ,ful medium such as the videodisc 
o c v ?h microcomputer may enable more sophisticated 
objectives to be achieved by the student than were ' possible 
with less versatile media. In particular, powerful simulations 
may be developed and tailored to specific training goaLs 

^rateoi^ h ?n Vide0 f WiU mnko P^ible several innovative 
hl ^f t 5 f m P lo y"g graphics, the videodisc will also 
be able to display most types of graphics which have become 
commonplace in other media. Therefore, all of the guileUnes 
direct P in y i ng ? raph "* described in this paper should have 
for tL Uca ^°" to the development of training materials 
lor the new videodisc technology. 

Research Imp ) i ,-,,t- ior>.. 

Although previous research on the effects of instructional 
yiaphics has provided guidance for the identification of 
principles for using graphics, many of the assumptions about 
the inherent value of graphics for instruction are still 
unsubstantiated. A partial list of research issues which 
need further investigation is presented in the body of this 
report. ' 
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Introduction 1 

' the storaaa C and n d? f ^ V j d<20disc ■ P^r will make possible 
tne storage and display of graphic material at far less 
cost than has previously been possible. It will allow for 
: the integration and random access of motion sequences ,nd 
-,, specially prepared videopages (still frames) which contain 
of a m iL a ^° r , teXtUal mat ^ial - With the.Salhmenf 31 " 
afso be avffTfh?^ ' ^'"Puter graphics will 

m ° i; ; ,. Ihe . dec «"ing cost of microcomputers 

of 5?™f SDe 5 ialists have "tolled the virtues 

the alaa, "f S , * ra * hlca for man ? Y^rs. Acceptance of 
?« 9 ' § picture 1S w °rth a thousand -worda,* has led 
to .he use- of numerous forms of visual or' graphic material 

cSarr» tr sSdes n! Un# -heLtLs graphs, 

etc Tn i ' f llm StripS ' m^ion pictures, television; 
th^'h^!'- ? PaJPer ' M °° re and Naw rocki (1978) "described 
i ^^f a i-^ gUmentS f ° r USlng g ra Pnics and reviewed 
m nh n literature on the effects of instructional 

^wS 1 ha r,h :; Xr ° V f raU c ° nclusio «. based on this review 
for ^he assumptions about the inherent value of graphics 

• nd n " m 10 " u f subst ^tiated by empirical research 
^apiic'*can i hGy Cit ° several s tudies which show that 

instances 3 P ° sitive eiffect *n certain . specif ic 

The variable results obtained in the research findings 
reviewed by Moore and Nawrocki lead to the : obvious conclusion 
ih!«i5; f ppropriate question is not, "do graphics improve 
the effectiveness of instruction?", but rather, "what type 
of graphics, if any, will improve the effectiveness of 
instruction under different conditions?" Moore and Nawrocki 
suggest that three major classes of variables which relate 
to the effectiveness of graphics are 1) subject matter 
content, 2) task requirements, and 3) learner characteristics. 

The purpose of this report is to propose some guidelines, 
based on instructional design theory and current empirical 
tmdings, for employing graphics under specified conditions 
Because of the limited data available, many of the guidelines 
given are necessarily only hypotheses and require future 
verification, 

^The authors would like to acknowledge the assistance of Dr , 
Joseph Lipson and Mike Ketzel in the preparation of this 
report. Mr, Hetzel helped identify reference material and 
example graphics while Dr, Lipson reviewed the entire report 
and offered many valuable suggestions. However, the authors 
accept full responsibility for the content of the report, 
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Types of Visual Displays 



A. Alphanumerics 

1. Textual 

2. Tabular 

B. Graphics 

1. Pigural 

2. Symbolic 

3. Schematic 

4. --pictorial 



C Objects or Events 

l - * eal objects of events ' 

^ Models, mock-ups, or simulators 

MabajTumerics 

is subdivided to disUnquifh h keyboard - This category 

displays, the physical lisMnrt T tQXtUal ^tabular * 
format. Although bSth of ™ b f in 9 P^WUy .one of 

standard typewriter, tabulaflLSlSvl^ 96 " 61 ""^ ° n a 
more difficult to desian nnrf ^ P J y are considerably 
generally more expensive tS nrnf'"^ and are therefore 
: - sanding tabular dispUvs Lv °? UCe * Rssdin 9 ^nd under^ 
abilities on the par? of 1S ° re ^ ul " different 

standing textual information. ^ ^ read ' ln * and u "der= 

^SffiiX^VSlt:: •"■»«^h.nu«r 1 e i two- 
categories: fioural " j^S been divided into four sub= 

This dist!nctfor^i; e :r^r n S f ematiC i and Pictorial, 
may seem similar to thl attla^T^ graphics displays 
(words and numbers? anS TcTd* (nlil*?* 1 " S r " s ^°iic" 
(Morris, 1938 and Knowlto n (P1 a "f d iagrams) 

agree with McDonald^Ross° f 1 n 9 " J ' , However ' the authors 
much is generally inetuLd „ V Ii ) asseffti °n that too 
• ■ in the c i^,qo- t S ndSr th ° iconic category. Thus 

while the symbolic and ™f° h \, be consi dered iconic, 

considered as ^conffS SSSlTS: a^lsleel 

ERIC , ; 15 ^ 
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that these categories represent a better solution to the 

ei£s!fir£? Ua iC ° niC Pr ° blem than McDonald-Ross ( in press) 
classification according to purpose. ~~ press; 

The pictorial and schematic subcategories include all ^ n 
dimensional representations of objelts or events where 

Sienrtfthe^H de9ree ^^—bfance^r 6 

or event The df^fi^ 1 ch ; racte "^i CS of the real object 
is baScallv onf 5*2 b f^ en P ictor "l and schematic 

which iSclidP SSn? of . fidelit y- Pictorial displays, 

greater fidelifv °^« ra P h ^ Pointings, drawings, etc, havi 
lialrams mai' \P an scnematics > which inelude^cireuit 
diagrams maps, blueprints, etc. Knowlton (.1.066) has 

S^e^Vi* - tL ^r 0£ 3 tatio^of'an object 

element^ t thought of as having three "parts'- the 

connection T ° f a " a "Sement, and fheir order of 

^ A graphic must have some fidelity in the 

Sher n hand n a°"eh r ^ Classified '« P^orial On the 
other hand a schematic graphic would have the elements 
^trarily portrayed, while the pattern and/or order of 

eve" Th?^ bS w ith the actual objrilt or 

event, a highway road map would be classified a^r^H, 
since the elements (towns and cities) are generally reorc 

JS-^Sr^SSef of StriC f ^ mS <circlS - S ^t y arsfwhile 
is isomorphiclo^fa^^rS^ ™* 



event^ PvLn?^ f 3nU K e f iC SlgnS ° £ the ob J ec ts or 
trader* ^ ° f symbo:Uc 9«Phi« are a red cross, 

uractetnark, an officer's insignia, etc. 
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The fifing category includes graphic displays which are 

used to show relationships between abstract ideas and 

generally do not serve as signs for actual objects or events 

r f ' P ie cha ^, and histograms are examples of 
iigural graphics. 

graphics displays describ ed above could vary along 
additional dimensions such as still or motion (Includinq 
anin.ation); color, halftone, or black and white; degre^of 

SSlSSia/J f ; dSgr ? a ° £ Com ^^y or realism; and/or 
The^d ro/eronco {see section on Graphics as signs) 
these dimensions could be thought of as sub-suboategor es , 

oTfifral C ;: n , Vary Wlthin the four Principle subcategories 
of figural, symbolic, schematic, and pictorial The 
relevance of these additional dimensions will be addressed 
in appropriate sections in the remainder of this repor? 

0hjA£Ms_or Events 

This category includes real-world objects and three- 

i 

ERIC 16 
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dimensional representations of objects such as models 
mock-ups, or simulators. Real object, might include a 

IJe ! ' P S T U i i Sn0ine ' buildin «< rifle, mountain, etc. 
SYfiQja could include a session of the State Legislature, 

JocS ins a nH' m a i S . UPPly a " Snemy "tack, etc: Models, 

° CK " y( - K :'- and s im ulators would include a "Link Trainer " 

a woolcf tank rtUlery S ? aU '/ pUSter ° f P " is ^eilton - 

a wooden tank, or a scale model battlefield. 
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General Guidelines for Employing Graph! 



eg 



The employment of graphics does not automatically increase 
the effectless of instructional materials iL 
instructional usefulness of a specific graphic may lie 
somewhere on the following continuum: Y 

/ / / / / 

Contusing Distracting Neutral Telpful vital 

anf yf a a "Lf? nditi °f 8 glVen «"P hic ^Ujbt be confusing 
and have a negative effect on student. achievement Under 

o £E. ^ lt°^^^.^ vital for learning ... 



occur. Under still other conditions the' use" of graphics 
P^formInce: ther ^ « Ve effects oMlnts 

The purpose of-this report is to propose some guidelines 
^el^^^^J^ ° f 9"P hics under, different 
lines for arnn? SSCtl °" wi " P« S ent some general guide= 
lines for employing graphics which cut across several 
different variables, while the following section will 
address more specific guidelines related to the Army" 
current taxonomy of training objectives, ' 

Graphics as signs 

Many of the research studies on instructional graphics have* 
found no significant differences in student achievement 

with those U wMci a d tr T mentB WhlCh USS * Smparad 
with those which do not use graphics. There are probably 

wTLuldTf thSSe no - si S"i««nt differencef! HowLer, 

we would like to suggest that one of the major reasons ~ 
graphics have a neutral effect is because they a?e Ssed 
as signs (Knowlton, 1966) for objects or events with which 
the individual has had considerable previous experience 

and 5 uSpr; OUS ex f erience can be "called by the individual! 
and used to create a mental visual image, Such a visual * 
image can be triggered by symbols which, though arbitrary 
have been previously learned as labels for the object or 

arSoMc T " r r? r° nditjon ^ the added eKternal'visuai or 
graphic is redundant with the individual ';s mental visual 
image- and thus does not improve learning/ 

A°nnn^V hiS "f" fr °! th& P^Peetive of concept learning, 
are 13 Vj" 6 ? f 0b - 1cctf; ' events ' or symbols which 

eQ °f 1Zed togetheir ba sed on. certain common character- 
to £v I entire class of objects is generally referred 

to by a common label. in order to learn a concept the 

inltlnco" 3 ^ 1 ^ Sh ° Uld bS aXPOSEd t0 - d ivergent P sk of 
instances of the concept. Under such conditions a concept 
label or word may be "worth a thousand pictures". Once a 



concept has been learned, then, using a picture as a sign 
tor it is not only inefficient, it may also distract or 
interfere with the learners mental images, (However if 
the picture is a divergent unencountered example, it 'may 
serve to further refine the learners "understanding" of 
the concept). ~ 

In considering the employment of graphics we should not 
overlook the significant power of word pictures, Great 
story tellers and novelists are able to capture the atten- 
tion and imagination of their audiences by triggering mental 
images through the use of word descriptions. These word 
pictures may be more effective than actual pictures by 
directing attention to specific relevant details which 
would go unnoticed in a casual viewing of an actual picture, 

Graphics become helpful and vital when the learner is 
exposed to new concepts, objects, or events for which he has 
no labels and/or corresponding visual images, However, even 
when the learner has had no previous experience with an 
object, he can often be taught various aspects of a new 
object through the use of verbal analogies where the new 
object is compared with or likened to a known object for which 
visual images are available in memory. Novelists and poets 
use analogies very effectively to increase the power of 
their word pictures in generating mental images. Analogies 
are especially valuable in teaching intangible or abstract 
concepts which are difficult to portray graphically. 
Knowlton (1966) has observed that a graphic may also be used 
a* an analogical device. For example, Knowlton refers "to 
a line drawing of a golfer hitting a golf bail which. caroms 
off several trees lining the fairway. This picture is not 
used to represent a poor golf swing, but is used as an 
analogy to show how a golf ball is like an electron and a 
golf club is like a photon; and that a golfer hitting a golf, 
ball caroming off trees is similar to what happens when a 
chlorophyll molecule is hit by a photon. However, care must 
be used when employing either verbal or graphic analogies 
since only certain aspects of one phenomena are analogous 
to another, while other aspects are not analogous 

Aes thef ics 

In our search for efficiency and effectiveness we should 
not overlook the role of aesthetics in life and in learning. 
Attraction, attention, interest, and motivation are all 
important aspects of learning, Students cannot learn unless 
they attend to the instructional materials. Hence, 
obtaining and maintaining attention is a necessary,' although 
not sufficient, condition for learning to occur, 
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attraction and interest lain*' J ? 0ti0n increase the 
preferred by le£n23 of V materials and are 
report a study 5a i 1 "d Nawrocki 

does significantly reduie 12^°^°^ that P^ference 
talent of the art Lt c att ^tion. The creative 

factor which may ^ Let t f ^ " another obvious 
display. ' ° Cl the esthetic value of a visual 



Color 



Sarai.^,^^;^ on performance (Levie 
color may enhance learninn i Tra ^"< 1967), However, 
cues and to aid i n f ^ t0 em P^si 2e relevant 

Using color in thi^wayla "^^/t^^^' 
materials developed for the TTrr% o • by instru etional 
Mitre corp., 1974) ^ ■ f Project (Bunderson. '973- 

requires aciual coior S " also helpful if Mv t „i ' 

-y also iSerSari?^^ 1 ?":"?? (T " vm ' 196 ^ : ^olor 
1970). Fut, res e "ch . .emotional content (Scanlon, 

between three roleTof color n In"?^ 5 Sh ° Uld d "tinguish 
taining attention and "interest • 5 f - at *f acting and mam- 
to relevant cues- and 3) tl l~' ,1 • ln , Meeting attention 
Object matter itself (Pleming"i979 )! attribute ° f the 
Motion 

in greater detfli iS^f S^Zo^" 9 m0ti °" " s <^«^ 

1950; Travers 1967? f * ctual "formation (Hoban 4 Van Orman. 

drastic - alienee "lay KTM^K??*" r ""' ti ' 0 
interest mnMvin«n / considerable value m increasing 

attitudes H em010Ml impaCt ' and ^ changing 9 

can likewise^ vfr/pLerf ul ^"mu^ 6 Vari " bles 
that the videodisc can r^adit deliv^V^ <U,di °' featu ^s 
study and could not be fnefuded in^his one*™' " 

Dynamic Computer Gmnhirg 

eorreapondin, software ,„ ake it posli^Sr'ltudlnts to 
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(Ka n v ra ^77V nam Thr 9ra ? hiCS SpeCified b * triable parameters 

buUdinos ktv ^r± menSi ° nal linC d « w in5s of Automobiles, 
ouiidings, city streets, aircraft carrier decks etc can be 

created, displayed and manipulated (See Figure i} These 

L™ie 9 f- C I n bS r f ated Vi6Wed fr ° m perspectives ' 

Little is known about the effects of such graphics on 

grelfSItentfll'Tf f ^ J nte " CtlVe ««phics slem L have 
great potential, but further research is required to 

determine appropriate guidelines for their use! 
Learner Cjiaxa^ter^stics 

mine e the d r^ OCki J 19 Z 8) the literature to deter- 

instructinn.i ""^ bStWeen individ ^l differences and 
instructional graphics. Many significant aptitude bv 
treatment interactions (ATI ) were found. Howevir they 
concluded that while ATI methodology appears promisinq 
: :hose learner characteristics relevant to the usSof 
instructional graphics have not yet been cietvly identified. 

Allen (1975) also conducted an extensive review of 'the lit- 
erature on the interaction of intellectual abilities and 
instructional media design. The majority of his findings 
and conclusions deal with such variables as advanced oro u,. 

duref' acl!ve Z r, i0nal ° Utlin1 ^ attention-directing proce- 
dures, active response, posing questions and corrective 

rllevan^T^r^; "V" add " SS 3 variables more 

comolexitv nnt °l fl "P hics in instruction, graphics 

complexity, motion, redundancy and reoitition mfl 

Alien concludes that individual, of h? g h mencal abiUtv ^ 

llllll^\tlTlo\lT ^ CMP1 "' f ^ea.pace, a ScUon 
grapnic a , than do individuals of lower ability. The ion rn inn 

of low mental ability individuals seems to be deterred by 9 

complex la'fL 6 " f rbal -°J VlSUal diSPlayS which " 
complex, fast-paced, or information rich that their infor- 
mation-processing capabilities are exceeded. 

Dwyer (1978) reported several studies which examined the 
interaction of reading comprehension, intelligence and 

in te'ml ofth^ ^ P* 1 ™ <* displays. 

/" S , of the interactive effects of reading comprehension 

h rouor llC K C0 ? P ? Xlty (, ' <>al Lsni) on student ^chievemen?? 
by pSknur^'lil^n 0 " 1 ??^ 0 " 01 " 810 " 3 fro " a Stud y conducted 
the ?«! tl^i 11 h n U) ° n m ° St cr i terion ta «ks employed, 
ovora H m C ( , <;SS cora P le *) graphics reduced the 

overall differences between reading level groups; (2) The 
high reading level group's achievement improved as the 
degree of realism increased; and (3) The low readina level 
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W^TV 1 th ^, "^active effects of intelligence and 
levels of graphics realism, Dwycr, (1976) concludes that 

a or better tt lntelli ^ constantly achieve 

as wtll or bet Lei than others, a simple color line drawina 

oTf f dif I f f f CtiVe ^ e of graphic for all students 9 
(Swvor" f^fff Criterion measures. In another study 

, ^ nteractivQ e«ect a of entering behavior 

t f s f "alism were investigated with aelf-paeed 
nt f materials. Conclusions from this study were: 

a* wen t !/, lth h '' jh ent f^ng behavior consistently scored 

w 1 o r than students wjt:h low or medium entering 

' 1<! ™ d , (2 ^ Ti - sin,ele, color line drawing was generally 

the most effective across various criterion measures and * 
levels of entering behavior, 

duafd?ff A11Cn ' S j 1975) End Dwyer ' s €1978) reviews, indivi- 
dual differences do interact with various types of graphic 

?iS y !"- " 0we r r? across 311 indies which" used various 
types of individual difference variables, simple line " 

fSSii??: (r ° l0r 2 r bUck and white ' a PPe« to be the most 
effective .ype of graphic for increasing achievement on all 
criterion measures for students at all levels Since 

'•u'!mW 'Ti ; n W! ! h ° Ven moderate - 3 fa PW« capability emphasize 

nroductiif J' 9 "" 3 ' tMS findinS has ^levance for both the 
Production of images for the videodisc and the generation 
of images in real time by the computer. . 

Most educators would' agree that individual differences do 

t t th3t in::U ' ,!c:t:iorial systems should be designed 

SiS ,, nS!i 1 S t0 account these differences, Cronbach and 
Z nu' 1dV !: ? u 9?ested that enough treatments should be 
designed so that individuals could be assigned into a treat- 
ment where they will be able to succeed. However, Bunderlon 

annroUh r? SV1 i Merri11 (19?5) ^.proposed an alternative 
approach, (aee also Bunderson and Foust, 1976) These 
writers suggest that rather than assigning students to a 
femall number of alternate treatments, students should be 
allowed to select that treatment or strategy which would be 
most appropriate for them at a given point in time- The 
range of possible options open to students could be 
theoretically infinite if the students .were allowed to select 
ana sequence individual displays or. short presentations 
into their own unique instructional strategy or treatment, 
Sucii a "learner control" system would offer an infinite 
range of treatments- from which the learners could tailor one 
to meet their individual needs. Thus a student with high 
reading ability could select complex, realistic graphics 
while a lower ability student could select simple graphics - 
The relative costs of these alternatives should receive 
further investigation. ' " 
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will ;^n?.?f 9 ®P er ? n y assumed that the use of graphics 

. "litate the learning of those who have poor reading 
?n Ji Y \ " owever - this assumption w as not substantiated 
in the study reported above by Parkhurst (1976). He found 
that achievement actually decreased for poor readers as 
JealfS" 6 ° = f increased from Visuals to the 

medtum nr v n0t the Case for students with 

medium or high reading ability. These results might be 
explained by Samuels ' (1970) contention that pictures and 
text compete for the learner ■ s attention and that pictures 
? 3 ° rUtCh *** di stract the poor reader from attending 

to and learning the words. Further research needs to be 
conducted to verify these findings and determine the causal 
^actors behmc such effects. , 

Father research is a!. .so needed to determine if an individual 
difference variable, such as visual literacy, interacts 
display*! ' VC -' n " :;;; 0f instruction that includes graphic 

A summary of the General Guidelines is presented on the 
following page. , " 



17 



General Guidelin e s 



7 , 



• Gaphics are not necessary and may actually be dis- 
tracting if they are used as signs for concepts, 
objects or events with which the learner has had 
considerable previous experience. Under such con- 
ditions, the added external visual or graphic is 
redundant with the learner's mental visual image 
and thus may not facilitate performance. Graphics 
become helpful and vital when the learner is 
exposed to new concepts, objects, or events for 
which he has no labels and/or corresponding visual 
imagines , • 

Pictures, color, realism, and motion generally 
increase the attraction and interest value of 
materials, are preferred by learners of all ages 
and may significantly reduce attrition from " ' 
training courses. 

In general , color has little demonstrated effect 
on performance but may enhance learning when used 
to emphasize relevant cues and when actual color 
discrimination is required. 

Motion generally has little effect on learning 
except when the information to be learned deals 
directly with motion or change. However we 
hypothesize that realistic dramatic sequences rnav 
have considerable value in increasing interest " 
motivation, emotional impact, and in changinej ' 
attitudes . 

Interactive, dynamic, computer graphics offer a 
unique but largely unknown training application 
potential. 

Complex, fixed pace, motion graphics may be bene- 
ficial for individuals of high mental ability but 
may deter learning for individuals of lower mental 
abi li ty . 

Simple line drawings, color or black and white, 
appear to be the most effective type of graphic 
for increasing achievement. 

A learner control system which allows students to 
select that treatment which would be most appro- 
priate for them at a given point of time may be 
more effective than assigning students with dif- 
ferent abilities to a small number of alternate 
treatments . 
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Specific Guidelines for Employing Graphi 
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Ihis section proposes more specific guidelines for using 
graphics under given conditions than the guidelines found 
in the previous section. These specific guidelines will be 
cased on a taxonomy of training objectives. The most 
generally recognized taxonomy within the academic community 

in^rnr1^J e K el ? ped b ¥ Bloom ( 19 ^3; however the taxonomy 
introduced by Gagne in 1965 and updated several times 
(e.g., Gagne, 1977) , is generally seen as lending itself 
better to prescriptions. Gagne proposed five major domains 
of training objectives,- verbal information, intellectual ~ 
skills cognitive strategies, motor skills, and attitudes 
The intellectual skills domain has been further divided 
into the subcategories of discriminations, concrete con- 
cepts, defined concepts, rules, and higher order rules. 

Aagard and Braby (1975) have developed a taxonomy of types 

but £hfJX n 2 ° bje ? t 1VeS thRt 18 similar to Gagne 's taxonomy 
but which more closely .corresponds to tasks commonly found 
in the military. Aagard and Braby 's taxonomy has been in- 
corporated with minor modifications into the Interservice 
irocedures for Instructional. Systems Development (IPXSD) 
described in Tradoc Pamphlet 350-30 (1975). 

The taxonomy used in this report is identical to that out- 
h nS iV? TradOC Pam Phlet 350-30. The use of this taxonomy 
should facilitate the integration of the guidelines ore- 
sented m this report with the overall Instructional" Systems 
Development (ISD) procedures presently being utilized to 
develop instructional materials in the Army. The taxonomy 
used in this report focuses on the "task requirements" 
factor identified by Moore and Nawrocki (1978) as relating 
to the effectiveness of graphics in training. The "subject 
matter content" factor will be treated where appropriate 
within the various categories of objectives. The third 
factor ( specified by Moore and Nawrocki, "learner character- 
istics , was addressed in the previous section. 

The following subsections will describe principles and 
guidelines for using graphics in instruction related to the 
following eleven training objectives- rule learning and 
using, classifying, identifying sumhols, detecting, making 
decisions, recalling bodies of knowledge c .d using verbal 
information, performing gross motor skills, steering and 
guiding-continuous movement, recalling procedures-position 
movement, voice communicating, and attitude learninn 
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Rul e Learning and Using 

Rule using behavior occurs when a trainee is able to 
respond to a class of stimulus situations lith a ciaU nf 

forlef bf eS cl S e X f t6 f b « ln * P^-ctablylerated 1 tfthf 
,5 b y Q class of relations (Gaone 1Q¥7\ : 

o hit"a v r , t atTai^S? f *" artill W P^ce in order 
action hUo a given distance, choosing a course of 

relation »i h - condltlonal rules , etc. Thus, the rule or 
respond corr^V eXCe P fc . after = cables a trainee to 
tainin^ thf le^Lfif a^H? ^ ° f 

statement of the rule (25 i „' P" s f» tat «« of a verbal 
ration nf SL II. i f ' E } 3 dem onstratlon of the appli- 
h n • 16 t0 several example problem situations 

rule, and (4 , ^ro^Lf ^cSrS^tT^SBiS? 5 ^ 

JaL« 1 Sf°Jh 9ra ? hiCS i n teachin ? depends upon the 

to the rule and ° f , Stimulus situations corresponding 

show h the U ap P liLSon n S f^Vr'uS" ^TSe^SSl^H * 
demonstration only involve sy^ois ^VS.S^uSaon 
as in spelling, grammar, and mathematical rules th^n 
graphics are generally not necessary fo? e^ectival Sstr.c 

tion. consists of real objects, and the class has been ore- 
viously learned as a concept, then pictorial representa- 

induction 6 5t ;r" W ? Uld . n0t bS "Sc...ary: ISr example, 
instruction on the "selection of proper fire extinguishers 

graphicf if n t ° f " reS " W ° Uld require plctorfl 

graphics if the types of fire extinguishers and fires had 
not been previously learned or could not be recalled 
(See section on Classifying). 

dition^i r doci c ? ftGn in r° 1Ve a SeriES ° £ °P««tlon. and con- 

J 1 d C1 ' , V n P° lnts ' Such are actually pro- 

cedures. Verbal statements of these orocedural rules fl r P 
Sfff 1 ? difficult to understand: Learning of thefe" rules 

tations sSch a'f J? ^ r K Ugh thS U5e ° f »lg«i«m.ic rlprese" 
or i; .'"h fl 2 W ChartS Which graphically portray the 

order of the operations and alternate paths which should be 
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taken based on the conditional decisions (See the section 
on Procedures) . 



Classifying 

Classifying behavior occurs when a trainee is able to cor- 
rectly identify which of several unencountered objects 
events, or symbols (or a representation or description 'of 

lch ob 3ects, events, or symbols) is a number of a given 
class. Correct classification behavior is the most' appro- 
priate indicator of a trainee's understanding of a concept. 

Classifying behavior is required in a great number of Army- 
tasks and is often prerequisite to the learning of other 
behaviors such as rule using, decision making, and procedure 
execution. For example, soldiers may be required to classify 
examples of enemy aircraft r tanks or ships into particular 
categories. By classifying a specific tank into a parti- 
cular class, it would be possible to determine the tanks 
maximum speed, firing range, limitations, etc. A mis- 
class if a. cat ion could lead to erroneous conclusions -and in- 
appropriate decisions and actions. Classifying behavior 
is also involved in identifying particular parts of a piece 
of equipment, identifying particular malfunctions in equip- 
ment, identifying proper camouflaging, etc. 

Several studies, (Tennyson, Wool ley, and Merrill, 1972- 
Tennyson, 1973) have shown that concept learning is greatly 
facilitated by showing the trainee several divergent 
examples and matched non-examples and then allowing him to 
practice classifying unencountered examples and non-examples. 
I'ictorial representations should be used as examples in the 
initial learning of concepts which have concrete referents 
(Levie and Dickie, 1973). In general the pictorial repre- 
sentations used as examples should be simplified so that 
the number of irrelevant cues is reduced and the redundancv 
of relevant cues is increased (Levie and Dickie, 1973- 
Black, 1962; Travers, 1967; Dwyer , 1978). If the example 
is too complex or realistic it may be difficult to perceive 
and distinguish the attributes of the example which are 
critical to appropriate classification. This is especially 
tne case in fixed-pace presentations where the trainee can- 
not con to 1 the rate of exposure. However, as training pro- 
gresses, more difficult and complex examples should be used 
which approximate the real world environment or tasK 
Actual objects or realistic representations could be "used 
at the beginning of training to add interest, to motivate 
the student, and to provide an orientation to the real world 
Simplified representations could then be used to isolate and 
highlight the critical attributes, followed by more realis- 
tic representations to facilitate transfer. Critical attri- 
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butos could be highlighted through the use of other graphic 
x96S^ ntS SUCh aS 3rr0WS ' ,:( - xturc < shading, or color (May, 

In general, pictorial representations are not useful for 
teaching intangible or- abstract concepts such as democracy, 
freedom, guilt, ego, government, management, etc, which do 
not have concrete referents (Levie and Dickie, ,1973). 
Verbal definitions are usually necessary to present the 
critical attributes of such concepts. These concepts may 
he best exemplified through the use of stories and analo- 
gies . 



Ulenfifyi ng Sym bols 

The principal behaviors involved in identifying symbols are 
multiple discrimination behavior and classification behavior 
If the symbols to be identified have very little variance 
in perceived appearance from one occasion to the next, then 
multiple discrimination is required. However, if several 
symbols which differ in appearance are to be treated as a 
single class, then classification is required (see Classi- 
fying section) . However, it should be noted that multiple 
discrimination is c prerequisite to classification. Iden- 
tifying symbols is involved in such Armv tasks as reading 
electronic symbols on a schematic drawing, identifying " 
symbols on a topographical map, recognizing the insignia on 
an officer's uniform, etc. 

Although it may be possible to describe certain, simple sym- 
bols verbally, learning will be much more efficient if » 
graphics of the actual symbols are used (See Figure 2) , 
Only three to seven symbols should be taught simultaneously. 
Once these are learned, new symbols may be added with regu- 
lar review of those previously learned. Multiple discri- 
mination is basically a paired -associate task and requires 
considerable drill and practice where the trainee is re- 
peatedly shown the symbols to be learned in random order 
and is asked to respond with the appropriate label that 
corresponds to each symbol. When an error is made, correc- 
tive feedback should be given. Flash cards with symbols 
on one side and the correct label on the back would be help- 
ful in learning to identify symbols. An enhanced version 
could be implemented easily on videodisc or computer. 

If identification of a symbol requires color discrimination, 
then color should be used (Travers , 1967). Motion would 
only be necessary if movement were a critical attribute 
required for proper discrimination. If the movement in- 
volved is fairly simple, it could be indicated adequately 
through the use of arrows on still graphics (See Figure 3). 
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Figure 2. Graphic of colored s symbols , 
(From Dept. of Army, Oct. 1977) 
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o ^ °fu ° f b ° th P" cti « «d the criterion to 

should require the trainee to identify the symbols in 
actual motion, if the objective requires - much skill. " 

Detecting 

cl^fj?. ^ haV u°f involves multiple discrimination or 

5 t0n , behavior in a high noise environment who 

the things to be detected are embedded in a larqe block 
time a nd/or space Detecting behavior is involved in s 
^L^ SkS " 8arly radar detection of an aircraft targ 

fwi!?^, movement of c ^ Chicles at a distance duri 
twilight hours, etc. 

The role of graphics in the initial stages of instcuctio 
detecting behavior would be very similar to those outli 
in the sections on identifying symbols and classifyinq 
However, later stages of instruction should incorporate 
the noise and time aspects, which can often be done by 
simulation. Graphics of the object would need to be re 
tic xn terms of both the object itself and the natural 
noise of the environmental setting. Graphics which inc 
the objects should be inserted randomly in a series of 
graphics showing the environmental setting withoug the • 
Dect and the trainee should practice detecting the grap' 

iSiSiiy^VS 8 ° bjeCti Final stages ^ training sho' 
involved the detecting of real objects in their natural 
environment. 
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Making Decisio ns 

Making decisions involves the selection of' possible solu- 

Often cL-^T ifie<3 E r ° blem - The P— " involved is 

( ; " 35 P roblem " s °lving. In rational decision- 

making or problem-solving an individual would: (1) id-n- 

or Lta^ievf* ^ Pr ° blem? (2) collect information 
oi data relevant to the problem; (3) develop alternative 

viou lfl4° U :° P f blSm by identifying and cLS p ^ 
the ? rUlSS; (4) eva ^ a te, test, or compare 

nH\r ?? S S ° lu!;I)nn; and select the most aopro- 

priate alternative which would solve the problem. 

Decision miking involves more than applying a previously 
learnoa rule to salve a specific problem which^elongs 
to a class of problems known by the individual to be sol- 
vable using the given rule. Decision making also requires 
=he identification and generation of solutions to novel 
rh™i™'- Dec i sl ° n maki ^ la required in such tasks as 
choosing torpedo settings during a torpedo attack choosinc 
appropriate combat tactics, choosing a'diagnostic Wategf 
ment? et^ * malfUnction in a =° m Plex piece of equip- 

^killf f *f fectiv ?, s t«tegy for teaching decision making 
-Kills is to proviue the trainee with a wide variety of 

shcu?fhfn de f isi ° n makin ? situations. These situations, 
should be novel and unencounterad and correspond to the 

of^fno^ CaPabi ^ tieS '. In e " ly Sta ^ es of i«rnin g it is 
cl^n LfS SSar L t0 , Pr0Vlde SOme guidance to the trainee to 
channel their thinking m fruitful directions. However 
this guidance should not present the actual solution to 

the problem. 

The role of graphics in decision making training is highly 
dependent on the nature of the decision making situations 
presented to the student, if the information or data re- 
levant to the decision is verbal or numerical in nature 
tnen graphics may not be necessary or useful However 
relationships among numerical data sets mav be best under- 
stood when represented by a line graph which shows trend 
directions. In addition, if the decision situation re- 
quires the use of data that ' involves the perception of 
characteristics of objects or events then the use of 
graphics might be required, On the other hand, if trainees 
nave had considerable experience with the relevant objects 
or events such that they could mentally visualize the 
characteristics from a verbal description , then graphics 
may not be necessary . 
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^g^^^ information 

in^ti S on h i.°SirS X ioxf ^ n ? f kn ° Wled r ° r USS Verbal 
id(0 in t , p a ™ Lo tcil ' state, or verbalize a fact or 

necossLv thft ?hf " P ro P ositio ^ Generally it is not 
?or word : ? Proposition be restated exactly word 

or famous speech It ^ff tl0ns include recitation of a poem 
mous speech or relating a coded message ) However 

coLectld dis^ (3) ° oUection s of facts organized "as 
1^ ! aiscourse (Gagne, 1977). Recalling verbal in- 

a cular JII?^ in SUCh tasks as bating ti'e name of 

1 o . building or mountain, listing the six princi- 
ples of war, or describing the major campaigns in WorlS War 

easftask the Hn ame ° X ^ f0r a Sin ^ le ob ^t is quite an 
easj task. However, the task becomes difficult if-sevLnl 

'ectfaf^ff bS lMrned ^r several liffeLnt ob! 

n o:c.- ol n n ? tlme ' C0n!ur:ion;; 0 "ur because of the 
come hv ! , nte ff erence ' This interference can be over- 

ject i H H'v SSOCiati ° n b6tWeen the 1^1 and oL 

J - c m0u - e distinctive or meaningful, 

ifi^-nefnf^r 1 ?" 15 m0re easUy learned and recalled when 

subsumed (Ausubel iqfifn ,' nf „ „„ , J . . -■ L ' UUK1 or 
structure. an aIrcad -V existing cognitive 

The learning of verbal information is often aided by the 
use of some organizational device. Facts organised bv 

prlsentef without - ^ ^ e « ic "ntly than those 
presented without a topic sentence (Gagne, 1968) a 

graphical representation of the relationships between facts 

°T ni2a ? i0 S meanln * Which ?-ilHates f th3 S 
storage and retrieval of verbal information (Hollidav 19761 
Examples of such diagrams are found in Figure and s" when 
"pre'entef °T» °" ^"^"y "lated information is being 
fmore e?f J ° f ^ ^ ChartS or ^ a Phs may providl 

• f c ' ,! "! : meanS for organizing materials and depic- 

(; ; ip ?- MaP f • bG ver * efficient and vital 

representations of many different types of spatial infor- 
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Figure 4, Graphic showing organization of verbal 
'information (Adapted from Morton, 1931, by Hart 
and Merrill , 1978} , 
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mation, whixe tables and charts are vital reoresentations 
oi complex time schedule information. However, explanatory 
information and examples should be provided to assist 
trainees m reading any tables, charts, maps, or graphs 
used Further prescriptions on the use and construction 
of cables and figural graphics can be found in McDonald- 
Ross's (1977a, 1977b) recent reviews. 

Pictures or line drawings are often inserted in textual 
verbal information material for illustrative purposes 
(Figure 6) . Although these illustrations may increase 
interest and enjoyment they may not increase" understanding 
or learning. This is often the case because the illustra- 
tion shows an example of a concept which has been previously 
learned by the trainee or could have been easily visualised" 
in tne mind of the trainee from the verbal description pro- 
vided in the text. • Some illustrations which are added to 
spruce up the text may actually be confusing or distracting 
An example of such an illustration is shown in Figure 7. 

However, Levine and Lesgold (1978) recently reviewed twelve 
studies which showed that pictures facilitated prose learn- 
ing of unfamiliar fictional narratives presented orally to 
elementary school children. The pictures were consistent 
with and redundant to the story content. Cued f'ac ual re- 
call questions were used in the achievement instruments 
In these studies the pictures may have helped illustrate 
uruamiliar concepts. 

Neither color nor motion has been shown to facilitate the 
learning of verbal in Formation . However, color and motion 



may ariect attention and attrition 



Performin g Gross Motor Skills 

Motor behavior occurs when a trainee is able to execute a 
physical movement with precision and appropriate timing. 
Motor skills are involved in such Army tasks as: marching, 
swimming, painting a barracks, typing a report, operating 
a piece of equipment, using hand tools, adjusting a micro- 
scope, etc. Motor behavior often involves the execution 
of a series of several coordinated movements. The order 
in which these individual movements are performed may be ' 
taught independently from the actual movement. For example, 
the order in which the parts of a rifle are assembled may 
be taught independently from the motor skills required to 
put the parts together. The role of graphics in teaching 
procedures is described in another section. 

It is difficult to imagine a trainee being able to learn a 
complex motor skill solely from verbal or textual infor- 
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goal* — parents want children who arc only well behaved; teachers 
wan only quiet classrooms or students who will do and say what the 
teachers want; administrators want subordinates who will obey with- 
out question, who are yes-men. One way to achieve these goals is* to 
create dependency in others. Interestingly enough, many depen- 
dency-producing leaders never recognize their part In the problem, 
for they will often exclaim sadly, "What we need is more people who 
will take initiative and won't just sit around waiting to be told what 
to do." 

Coiititcnivpnttlt'ncc 

In the other behavioral stream is the desire to be free, to 'let me 
do it by myself." Some Have postulated, as did the English philosopher 
Ihomas Hobbes, that. by his very nature a man is at war with every- 
one else as each tries to hammer out hi*; own ego -centered world, If 
everyone actually were to do only what he wanted, without taking 
ethers into account, the result would be anarchy, 

As managers see in their subordinates the tendency to seek free- 
Figure 6, Neutral graphic used to illustrate text ~ 

(From Dyer, 1976) . 
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CHAPTER 2 

f P • * * 

I I ilinillli The training manager in today's 

ill Acf i\"C* Anil V I'llils battalion faces u difficult situation. 

Weapon systems are more complex than 
tlioy have ever been. Resources, especially training 
areas, ammunition, POL and limy, nro scarce. 
What should his training goals bo? Readiness, yes, 
bill what steps does he take, and how can ho 
measure success in preparing his uni; for combat? 

VVhai types of training should he schedule? How 
should he allocate training time? How can he 
decentralize training? When should he centralize? 

How does he arrange to develop the potential of 
each soldier and each unit? How does fie provide 
for NCOs to control Individual Training? How can 
he control the training without requiring numerous 
reports from his subordinates? 

What planning documents should ho publish to 
assist his training program? What training records 
are really necessary? How does he analyze the 
training needs? Provide the required training 
support? Manage the conduct of training? 



-w) 




■<**k.-.. 



•j i. 



Figure 7. Distracting graphic (From Dept. of Army, 1977). 
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eithe"'bv ^ eman ! S mUSt ? S demo ^tratea to the student 

,1 an instructor or through the use of some nic- 
torial representation. In some situations, a live demon- 
\; r,i r ' ion !na V n °t be ideal if model is unable to perfo^ 
the movement slowly enough for the trainee to see the cri- 

bail is di'ff ,°f, the T V< - mKmL - The Servin 9 of a "tennis 

! f. 1 ' 0 demonstrate for this reason, A 

a ^oc -s of h, pictures which snow critical positions or 
-v ? P mnL movement in discrete intervals across time 

refers to fh n ' UCt,VO (Seft FigU " 8) * F « 2i « (1978) 
with "Judo h f , as P s ^do r animation. If care is not used 

meS a ' f ° n? ^ Critical continuity of the novo- 
alvan^L^ J;?*' ) m0t " 10n P ictUre h « some of the same 
;";; a9CS and disadvantages of a live demonstration. If 

" ;' :n, ::f 15 ShoWn ln « al time, it may be too fast, 
^ " ' slow motl °n would demonstrate the continuity of 

tion or ^ perceived. Repetitions of the demonstra- 

i m Picture can improve the learning of motor 

fkci'iJtS V ' m ° IiTMn ' A950) - earning may also be 

:-V . •: t '; t:rd Lf . thc trainee can stop the motion picture 

^ act f c r , the notor skiU ,: - iL]u - r than trying to 

' a L the skill while the film is in progress! I von 

n .^r: CU ' Wher ° thS 1Sarncr thinks through the 
1977? ^ IOn; ; KU : y bo eff ^tive (Tea vers, 1967 ; Bandura, 
, l ™ . .^deodisc may make a significant contribution 

1,1 ' ° learning area as it has capabilities for slow" 
nation ana ireeze frame which videotape and film do not. 

Practice is crucial in the learning of a motor skill 
..^,•.01 pr.,ctu:e js only beneficial if the learner receives 

i ;; h ;r ( ' h a ThlS f eedback " «*V bo intrinsic to the "task 
i the correct letter is typed on a piece of paper, 

Z. "7J !\ nr '' tUa judgment of an instructor. Many complex 

, k ii ls are difficult to learn because trainees cann - 
totally observe their own responses and thus are unable to " 
compare their responses with the correct form (Bandura, 

This problem could be alleviated by videotaping the trainees 
performance and using the videotape for feedback, 



she aring and Guidi ncr-Co ntlnuous Movement 

St-ering and guiding behavior involves a perceptual-motor 
oKiii wnorc the trainee must continuously scan or monitor 
certain external cues and execute aporcmriate movements on 
n continuing basis in accordance with the perceived cues, 
• ,1 skilled behavior is required in driving, a tank down 
-,™t etc n " airc3raft ' Peking an air-to-air gunnery 
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J. This is the shirt of tha forward back- 
forward, roundhouse, rock-and-roll 
service action that I advocate, particularly for 
smaller players. Both arms are extended 
toward the net and the weight h on 
my front {left) lay as I lean forward. 





3, Now my knees hand and the mcket arm 
swings almost straight back as the hall 
is tossed by thtmting my left arm upward, 
At this stage my turret Is u<<>// behind my 
body, in a more ^muaied style than 
most players use, Ma&ndng the full, 
free swing I prefer. 



2, My body stnightens and the weight shifts 
so the back (right) leg, As the racket arm 
comas down, the toss arm comas up, Both 
arms move in unison, although the motion 
of the right arm will .shortly accelerate. 




4, Here I am into the colled croud). 
The knees are flexed auen further and 
the back Is arched like a spring, My right 
elbow has bent to j/ort the racket head 
down behind my back, 



Figure 8. Series of StiU Graphics Showinw 
Sequence of Movements (From Segura J 1 



Meldman, .1976), 
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Steering and guiding behavior involves a combination of 
the skills described in the sections, "Performing n ross 
Motor Skills," and "Detecting." The relevant cues are 
embedded in a high noise environment and in a large block 
of time and space. These environmental cues then serve as 
signals for the execution of the appropriate motor skills. 

In the early stages of training, the detecting of relevant 
cues could be taught independently of the motor skills 
using graphics as described in the section on "Detect' 1 .0 " 
The motor skills could be taught as described in the "sta- 
tion on "Motor Skills." The intermediate stages of train- 
ing should integrate the detecting of cues with the corres- 
ponding motor skills. The integration of these skills could 
take place in a training simulator such as the Link Trainer . 

In the final training stages, the learner should be given 
opportunities to practice and demonstrate proficiency in 
a realistic setting. Practice and corrective feedback are 
absolutely essential. 

Rec alling Procedures—Positionin g Movement 

A procedure is a series of steps or operations for perform- 
ing a task. The steps of the procedure may be cognitive, 
psychomotor, or a combination of both. A procedure often 
involves decision points with alternate paths If the 
procedure involves motor skills which have not been pre- 
viously learned, then instruction for motor skills will be 
necessary (see section on Motor Skills). If the procedure 
involves the set up, operation, assembly, disassembly, or 
maintenance of a piece of equipment, then the trainee must 
learn how to identify or classify the relevant parts of 
the equipment used or involved in the procedure (see section 
on Classifying) . 

The actual steps and the order ut the steps which make up 
the procedure may be represented in several ways. the 
procedure is fairly simply , the steps may be presented as 
textual prose. However, more extensive linear procedures 
are easier to understand if the individual steps are sep- 
arated and presented in a list format. If the procedure 
involves several decision points and loops (the same steps 
are repeated several times) then a figural graphic such as 
a flow chart or decision table will facilitate learning 
For example, Lewis and Horabin (1967) found that calculating 
the amount of tax owed was greatly facilitated through the 
use of a flow chart diagram (see Figure 9 and 1.0) . 
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If the asset consists of stocks or shares which have values quoted on a stock 
. ; exchange (see also paragraph G below), or unit trust units whose values are 
regularly quoted, the ■amount' of tax chargeable or allowable depends upo^ 
relative sizes of the cost price of the asset, its market value on G April 1965; 
and the selling price of the asset. ' , 

If the selling price Is greater than the market value, and the market value h 
greater than the cost price, tax is charged on the selling price less the market 
value (less allowable expenses). If the selling price is greater than the market 
value, and the market value is loss than the cost price, two possibilities arise. 
Either the Jelling price is greater than the cost price, in which case tax i? charged on 
selling price less the cost price (less expenses). Or the selling price is less^than the 
cost price, in which case no tax is either chnrged or allowed. 

If the selling price is less than the marker value, and the market value is loss 
than the cost price, tax is allowed on the market value loss the selling price (plus 
allowable expenses). If the soiling price Is less than the market value, and the 
market value \s greater than the cost "price, two possibilities arise. Either the selling 
price is less than the cost price, in which com tax is allowed on the cost price less 
the selling price (plus expenses). Or the soiling price is greater than the cost price, 
in which case no tax is either allowed or charged. 



jure 9. A simplified version of some official prose 
concerning the amount of Capital Gains Tax payable fol- 
lowing the sale of an asset. (From Lewis & Horabin, 1967). 
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Note: 'Market value' is based on the quoted value at 6th April 1965. 



Figure 10. Flowchart for Capital Gains Tax, 
the algorithmic equivalent of Fig. 9. 

(From Lewis & Horn bin, 1967), 
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Many procedures are so complex- and/or the consequences of 
error are so great that it is impractical to require 
trainees to memorize the sequence of steps. In such cases, 
a job aid which lists the steps or presents a flow chart 
of the steps should be used, 

If the procedure involves extensive motor skills, the steps 
of the procedure and the motor skills could be taught 
simultaneously by live demonstration, motion pictures, (with 
slow motion if real time is too fast) , or with a series of 
still pictures (see section on Motor Skills) : If film or 
Pictures are used to demonstrate the steps of the procedure, 
the performance should be photographed so that the repre- 
sentation shown has the same view or angle that the trainee 
would see if he were doing the procedure himself, (Mohan 
and Van Ormer, 1950). The videodisc allows for a combina- 
tion of slow motion and still graphics that was difficult,, 
if not impossible, with previous technology. 

If the procedure involves the assembly of a piece of equip- 
ment with many parts and the motor' skills required already 
exist in the repertoire of the learner, graphics would not 
be necessary to show the actual motor skills required. 
However, graphics would be necessary to show the various 
parts of the equipment and their relationship to each other 
(see Figure 11). The graphics would need to be supplemented 
with verbal or textual instructions which list the order in 
which the various parts should be assembled. 

Whenever feasible, the trainee should be given opportuni- 
ties to practice performing the procedure using equipment. 
In any case, hands on performance testing should be included 
to insure learning transfer has occurred, 



V o i c e C onimun i eg ti n g 

Voice communicating involves the use of speaking and listen- 
ing skills. Voice communicating tasks include giving oral 
orders and receiving oral orders, communicating or receiv- 
ing information over a telephone, giving instructions to a 
pilot landing an aircraft via radio, etc, 

Training in voice communicating primarily involves the 
demonstration of appropriate voice procedures (tone 1 , pat- 
tern , stress , enunciation , pauses, etc), trainee practice 
in imitating the correct procedures, and provisions of 
corrective feedback. Although, language laboratory audio 
equipment may be very helpful in voice communicating and 
training, graphics would seldom be necessary or useful, 
A possible exception is the use of tabular alphanumerics 
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Figure 11. Graphic showing parts of a piece of 
equipment pnd their relationship to each other 
(From TRADOC,. 1975) , 
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for those tasks which require learning code words or 
clusters particularl y if such c °des form information 



Attitude Learning 

Slj.»wi U 5S; - S " lnLernal State that influences an indi- 
oMecK * hoice " of aGti0ns tOW « ds * class of persons, 
objects, or events, In effect, an attitude is a response 
tendency (Gagne, 1977). Possession of a high lSv" of 
knowledge or skill does not ensure that" an ihdiJSual will 

?S a ^rS erf0r ? ^ accordance »*th that knowledge or skiU 
an ?f instruction in attitudes is to strengthen 

an individual's internal state which influences his ten- 
dency to respond with the appropriate actions at the appro 
prists time and place. A chancy m attitude would be 15 = 
denced by an increase in the likelihood of appropriate per 
everf^h A «itud; } 8arnin * "Associated with almost ? 
every other type of learning. Attitudes are involved in . 

conform^ 1°^ SUCh &s ^ om P l ¥ in< 3 with safety procedures 

^ f °™ 1 , ng to dress ' grooming, and cleanliness- standards , 
abiding by security regulations, obeying commands and in- 
structions of officers,, taking risks to protect the lives 
of others, etc. 

As mentioned above, communication of information and s, 1 
alone has little effect on attitude learning. Those learn- 
ing situations which have had significant effects on 
attitude change include: (1) classical conditioning, 
m«L 1 ? ein f? rCenient ° r ex P®"ence of success, and (3) human 
modeling (Gagne, 1977), Of these three, human modeling 
seems to be the most applicable, and probably the most 
effective approach for attitude learning. Attitude learn- 
ing results in an imitation of the human model's choices of 
action. This imitation occurs only if the model has -red- 
ibility and is admired and respected by the trainee. Atti- 
tude change is increased if the model is rewarded or 
punished for appropriate or inappropriate behavior or 
Sorcher "Iff? (Bandura ' 1969 > 1977 '' Goldstein & 

The credible human model may be presented in several ways- 
appear in person, in pictures, movies or TV, or merely 
described as in a novel, history text, or biography It 
is not necessary for the human model actually to demon- 
strate the appropriate choice behavior; the model may only 
need uo_ describe the situation in which he/she engaged in 
the desired choice behavior and indicate the reinforcing 
events that resulted from that choice (Bandura, 1977) 
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The principal aspects of human modeling can be demon- 
strated very effectively in motion pictures or televi- 
sion dramatic presentations. Realistic motion pictures 
are preferred by most individuals, can reach a large 
audience, and can portray consequences of .'.'certain choices 
of behaviors that would be too costly or unethical to 
demonstrate "live," 

i 

It is also important that the trainees be reinforced or 
experience success when they actually engage in the desired 
choice behavior which has been previously modeled (Gold- 
stein & Sorcher, 1974) , Such reinforcement will strengthen 
their attitude, individuals enjoy and have a positive 
attitude towards those activities" in which they are success- 
ful , Repeated failure will produce negative attitudes. 

Most television commercials are excellent examples of the 
use of all three approaches to attitude change. The pro- 
ducts are paired with positive situations, they are used 
or chosen by credible human models, and the models are 
reinforced for their choice of the product. 

Graphic signs such as, "Keep off the grass" or "If you 
drink, don't drive," will have little effect in changing 
attitude. However , they serve as a reminder or reinforcer 
for those who already have some tendency in the desired 
direction. If the verbal message on the sign is accom- 
panied by a picture of a respected human model, then some 
attitude change might occur. 
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|g| |y v ^ specific guidelines for various ^ p o 5 og trai ning 

l ' Rule ^^ning and using . The learning of complex 
procedural rules can be facilitated through the use 
. of representations such, as flow charts which graphically 
portray the order of the operations of the procedure 

points * PathS Whlch could be ta! ^ n at decision 

2. Classifying, Pictorial graphics should be used as 
example^: concepts which have concrete referents, 
in the initial stages of training , simplified pictorial 
graphics should be used in order to isolate and 
highlight critical attributes. Later stages of 
training could employ more realistic graphics in 
order to facilitate transfer to the real" world 
environment or task. 

Identifying symbols. Considerable drill and practice 
.^TtTTcorre-cTTve-TeSdback using qraphics of actual 
symbols may be required in order to adequately ream 
now to identify symbols, 

■ Detecting The training of detecting behavior should 
involve the presentation of graphics within significant 

of Sh°H tl,n ?. and s P ace which "e realistic in terms 
of both the object itself and the natural noise of 
the environmental setting. 

■ faMf2=iS£Mi2n| . Training in decision making should 
involve instruction in the use and interpretation of 
various numerical relationships represented in both tab- 
ular displays and figurai graphicsf 

' E£caUin^bgdies^of knowledge and using verbal infnr 

ships between various facts and ideas can provide 
organization and meaning which may facilitate the 

or°mt d?awi etrieVal ° f VSrbal information Pictures 
mation Jl k 53 lnserted " textual, verbal inform 
thev and ff i ° 2° @f * SCt ° n Performance since 
readnv lit U, f strat f concept, which could have been 
readily visualized from the textual description." 

Per forming gross motor skills . T he demonstration of 
a complex motor skill iTTTiaT time may be too fast 
However, slow motion could demonstrate the continuity 
of the movement while permitting critical aspects to 
be perceived. A videotape of a trainee's motor "kill 
performance may be a very valuable feedback device 
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Recalling proce dures, positioning movement . If the 
procedure to be learned involves the "assembly or dis- 
assembly of a piece of equipment with many parts, then 
graphics would be necessary to show \the various parts 
of the equipment and their relationship to each other. 

Voice co mmunicating . In general, graphics would not 
be necessary in the training of voice communicating 
behavior, , 

Attitude learning . Human modeling seems to be the most 
applicable, and probably the most effective approach 
for attitude learning. Attitude learning involves the 
imitation of a credible and respected human model's 
choices of action, a human model may be presented in 
several ways: appearing in person, in pictures, in 
movies or TV, or merely described as in a novel, history 
text,- or biography. 
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Graphics and the Videodisc 

^.iblTSSSS S de0diSC technol °^ will „a*e 

fore have net been possible f ™ " Sln 9 9raphics that hereto- 
first generation el L t The ca P a bilities of the 

b Y ..•»»i-e^;„?;: y s;;iS i g 7 ; t : 1 i; h :;?^ b ? 

view normal speed mofi rt „ ' B i- 1 al l° w a trainee to 

on a single f?ame (freeze fSSf"^-^^ m0ti ° n SegUSnCe 
' f rames of a motion se|ulncf iTeith^^ 0 "? sin ' jlc 
order , view a motion "2eqSene"in S«i °f Ward , or « verse 
motion speed may bo ^wVT? 0 motion (the slow 

Par frame) /ranLmL accefs fnv JET 1 ,pead t0 f ° Ur seconds 
disc, and view motion s^Lees f ■lf 1 f^ ene ? on the 
motion) in reverse • ' at "° ,;:nal or 

^^^t^ilm^ 1 ^^ integration of 

saSiS? ^^^^ 

of the motion sequent ofrLu^^if Ught ce " ai » ^peet, 
respond to questing? w "fuest the trainee to actively 
canthen be^ecS £ T'V" situations. The trainee* 
disc depending on his Lsponsf^L^^^ 11 ^ 6 sec ^nces on the 
strategy the trainee ; ? der a lear ner control 

presentation form such ai ruS T &8S ^ desired 

within a «.»nt oT£^ Barnes 

«al time motiS is Tot fast ror^hf , m ° Vement ^«=auae the 
critical aspects of ♦£? f the tra;Ln «e to see the •. 

the sequence is all mn' ' ^PP 1 *? and repeating 
Eliminate thesl problls sincf thT 2 ' ■ The vide ^c will 
adjust the speed'of Amotion sequencf^ 1 ' be ^ t0 
frame and look at the "frozen m ' 5topon a singles 

wishes, step through a slrtts of f?am„ M l ° mj - aS he 
repeat the sequence in real fi °!?° at a time ' 

movement (at Iny speed) stoo f J th ° continuit y of 

movement, and then ?enL% f equenc& to practice the 

with 'his own perlrm'noe for COT1 P a ^ 

tegy should be ' invesWgated?" -"icacy of this st "~ • 

will in- 

Puter assisted instrLtiof into olfmediuT^his ^ 
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medium will not only make available the new strategies for 
employing graphics described above, but will also provide 
In othtr J y °l q l aphics which ha ve become commonplace 

id , : - b0 ° kS ' l;eJovlsion ' computer graphics, 

: ; J A f? strips, etc, Therefore, all of the guidelines 
: n n ^his r °P° rt have direct application to the 

vi&rL^o"gyt ng materialS t0 ^ d6liVered Via the 

media" f^f " cational technologists have struggled with the 
author^ ItTt? queStl0n fQr years, it seems to the 

relevant 5™ ™ f ue f 10n , of graphics selection is much more 
ihl ,h, f o,n . an . 'Struct. ronnl effectiveness point of view. 

erit?cai a fnr r i StlCS ^ VisUal display a « often more ! 
critical for learning than are the characteristics of the 

if volume*?? m f^- Selecti °n issue is treated at soSe length 
i"J°^n XI i° f K th " roport ' Media selection decisions are 
and loai"^T a ? ? ^availability, cost, administration, 
medin I J t- facto f gather than according to some elaborate 
?or Lmn n m(X - (i . 1 u This state of affairs would be reason 

ueau^t r Cri i UT . thG ,K nnU! ^ ra P hics materials could not be 
ndSn? f Y , dlSP 5 y6 i Wlth many Afferent media, with the 
'media \tl ^ vldeocUsc / . the issue may naturally shift from 
m|caa selection to grapnic selection, since the videodisc 
ffledil Thn ° nS fo many of the capabilities of other 

media. The purpose of this report is to present some pre- 

Jate tS s g sh??^ n ? f °J (JraphlCS "Action which may facili- 
i-ate this shift of emphasis, 

Most models for designing training materials suggest that 

o^medin^ v S P eclfi f ^ to the selection of graphics 
or media delivery systems. However, the objectives specified 
are necessarily constrained by the assumptions of the indi- 
vidual, writing the objectives. The level of berformanee 
required of a student, and specified by an objective could 

available for student use. For example, the types of prob- 
lems students are asked to solve would depend on whether the 
problems had to be solved by hand, slide rule, calculator 

be I;hownT,i Th ° w ^, in . "hich 'a particular phenomenon could , 
bo shown and perceived, i.e., as a .slow- motion picture, a 
dynamic computer graphic simulation, a still photograph, a 

abili?^ 1 "?' C!C ," r OUld diffcr according to the avail- ■ 
fni mSr Ce real phenomenon. The availability of a power- 
ful medium such as the videodisc with microcomputer may enable 
t^n wS? -J? d ob ^ctives to be achieved by the student 

than were possible with less versatile media, For example 
^r ;io ; !; '. which are extremely powerful instructional tools 

'nl th~ Y < l*^ 1 " 3 ob ^otives, can be designed and implemented 
i.or the intelligent videodisc. 
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IT instructional designers begin with the assumption that 
a sophisticated delivery system is available, their vision 
or what is possible is expanded and their potential for 
.generating more innovative and powerful strategies and out- 
comes is increased. It may later be possible to modify 
slightly sophisticated training materials for implementa- 
tion on simpler systems. However, the modified version may 
be more powerful than what would have been developed if the 
version had been initially restricted by the assumption of 
a simpler delivery system. For example, a paper and pen- 
cil version of a computer simulation may be more powerful 
than a paper and pencil simulation that was developed with- 
out consideration of the complete modeling made possible 
with the availability of a computer. Thus, after materials 
are developed for the videodisc, it may be possible to spin 
off several alternate versions for other media which approxi- 
mate the potential of the original videodisc version. 

Although the videodisc can display most types of graphics, 
the videodisc picture is presently limited in the USA by 
the resolution of the NTSC television standard.* Thus 
certain graphics such as high resolution photographs may 
be difficult to adapt to videodisc. However, greater 
detail could be shown by zooming in on various segments 
of the photograph. A similar problem exists for the display 
of high resolution computer graphics. One alternative solu- 
tion to this problem would be to use two different display 
screens, one for videodisc displays and another for computer 
graphics . ~ 1 



*See volume I of this report. 



45 



Research Implications 

o^ohiS P" vious . ^earch on the effects of instructional 
a H Provided some guidance for the .identification 
IS " clp : fi for U8 "g graphics, many of the assumptions 
S??? ^ , ; n ^ !rent valuc of graphics for instruction are 
still unsubstantiated. Clearly, additional research-needs— 

win nroSS?? . Howevcr ' more of the same type of research 
will probably produce more of the same ambiguous results. 

Many of the studies reported in the reviews cited in this 
report dealt with laboratory tasks rather than actual train- 
ing tasks, such research may provide valuable knowledge 
for the development of learning theories, but it provides 
little guidance for the use of graphics in instruction. 
Significant advances were made in concept learning research 
when researchers (Merrill fi Tennyson, 1977) began^sing 
classroom tasns rather than laboratory tasks (Bruner, Good- 
now and Austin, 1967; Clark, 1971). More graphics research 
needs to be conducted using actual training tasks. ? 

As described in a previous section of this report, there 

S1 f nif f cant relationship between the task re- 
quirements or terminal objectives and the graphics used 
for instruction. Since criterion measure should match the 
terminal objective, there should also be a significant- re- 
lationship between the graphics used for instruction and 
the criterion measures, if the criterion measures used 
in research studies do not require the use of graphics cr 
use graphics different from those used in the experimental 
treatments, the results may be confounded of biased. 

The need to avoid mismatch between the 'graphics used in 
instruction and the criterion measures mav be exemplified 
in the studies reported by Dwyer (1972 or = 1978). In these 
StUd "rJ he de 5ree of realistic detail was varied across 
nine different treatments: oral/verbal presentation (no 
visuals , simple line drawing (black and whits, h & w) , 
simple line drawing (.color) , detailed-shaded drawing (b & ' 

I detailed shaded drawing (color), photograph of heart 
model (b & w) , photograph of heart model (color) ', realistic 
photograph (b & w) , and realistic photograph (color). . ' 
Several different criterion measures were used to measure 
student achievement; drawing test, identification test, 
terminology test, comprehension test,. and total criterion 
test. ( 

In the drawing test /. students were provided a list of terms 
corresponding to the parts of the heart and ware asked to 
draw a diagram of the heart and label the parts of the * 
diagram with , the. appropriate terms,. What type of instruct 
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f , • " ; l * h 2 L ; t i!( ) i . oj: diagrams are the students expected 
re LtVn 1StlC color representation? If thestudents 
are expected to draw a simple line drawing and actually do 

.. the S " 1p L drawing thQn Lt seems reasonable to 

hf ; J SSh ^ ''afferent , -'P f! of representation used in 
omo nn, materials would require the student to do 

•' om < unnecessary processing, 

Jif^thi dent K fiC f iQn to:;t; ' students are required to .iden- 
! 3! ^he numbered parts on a diagram of the heart. But " 
tic- E It diagram: simple, detailed, model, or realis- 
white? LI ?f terio " digram in color or black and 
nhSf™ ^ turall y' a choice had to be made; whatever the 
and If h 5-f e S fi S , C ° Uld be bUsed - D ^' er ch °se a black 
different h^VT^ 9 ' Would his " s ^ts have been 
different if he had chosen a realistic color photograph? 

The terminology test required the student to select the 
appropriate technical term to fill in a blank from a multi- 
ple choice list of terms. A sample item is given below: 

22. The _ is the name given to the inside lining 
of the heart wall. 

a. epieardium 

b. endocardium 

c. pericardium 

d. myocardium 

e. septum 

This item does not require the use of graphics. The student 
■ required to recall verbal information. One could 

hypothesize that a visual image would help the student recall 
the correct answer, but the task requirement does not clearly 
• ;p( " <n !y fche need for a graphic in the instructional materials. 

The purpose of the preceding discussion was not to criticize 
Dwyer s work On the contrary, Dwyer's study represents a" 
nigh standard of control among graphics sTiuriies. Through the 
If " I: ( .f v,ual different criterion measures, Dwyer assessed 
the differential effect of yarious tyoes of mismatches between 
the graphics used for instruction and different task require- 
ments. However, even the Dwyer design was not immune to the 
problems noted, and other researchers have not been quite as 
careful. The purpose of this discussion is to point out the 
nature of a difficult methodological problem in research and 
to stress the need for designing graphics for instruction 
which match the actual task requirements. If the actual task 
requires that a trainee identify the "mitral valve" in a real 
heart, then some practice should be required using as realis- 
tic a representation as possible. However, the intial stages 
of instruction might. use a simple line drawing as outlined in 
the previous section on Classifying. 

5* 
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x-iany of the _ guidelines presented in this report are based 
on instructional design theory and have little empirical 
support These guidelines should be considered as hypo- 
theses until validated by future research, The following 
tication ° f SOme issues which need further inves- 

. . i* W ; 1L the use of the videodisc (with its capabili- 
T "t;r :i r Sl ° w mo! "- lun ' frozen motion, repetition, and step- 
ping through single frames) to demonstrate manual tasks 
which involve continuous movement be more effective than 
standard motion sequences or a series of still frames? 

2. If the videodisc is more effective for demonstrat- 
ing continuous movement, which unique characteristic of the 
videodisc is most powerful, ' " 

and Jiiw" " thG e " GCt of integrating motion sequences 
and still frames m videodisc instruction? • 

4. How effective is an instructional strategy for 
^^' h ; n 9 terete concepts which uses a sequence of graphics 
that go from simple to more realistic or complex? 

5. What are the differential effects or attitude 
learning of various representations of a hmrn... model- in 
person, pictures, movies, or verbal description? 

6. How does visual literacy relate to learning from 

graphics? 

7. How does reading ability interact with learning 
j.rom text vs. graphics? 

8. What abilities are required to interpret tabular 
and figural displays? 

9. What are the differential effects of allowing stu- 
dents to generate graphics (using a computer) in real time 
vs. allowing them to select from a file of stored graphics? 

10. What effect will the resolution of a videodisc 
picture have on the effectiveness of various typos of 
graphics? 

11. What is the added value of dynamic, simulation- 
like interactions with high visual fidelity, compared to 
manually accessed visual displays? 
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